Furan content in eight bread-coated frozen foods (ham croquettes, squid rings, tuna pasties, churros, nuggets, fish fingers, onion rings and san jacobos) deep-fried in fresh and reheated olive oil, and in five cooked vegetables was evaluated. Deep fried foods showed the highest levels of furan between 12 µg kg -1 (tuna pasties) and 172 µg kg -1
preparation conditions (time, temperature and handling label information) (EFSA, 2010) . Therefore, the main aim of this work was to evaluate the furan content in some of the most common Spanish fried foods (AECOSAN, 2011) , both bread-coated frozen foods cooked by deep-frying and selected vegetables slowly fried in oil and commonly used as base ingredients for cooking some typical dishes in Spanish cuisine. The use of reheated oil for frying is also a common culinary practice. Thus, furan occurrence in foods fried with fresh or reheated oils was also tested. With the obtained results, a preliminary approach for risk assessment of furan in fried foods for Spanish population has been conducted. were prepared by adding the appropriate amount of furan water working solution (2.5 µg mL -1 ) into a 20 mL vial containing 3 g of NaCl and 5 mL of deionized water. In addition, 40 µL of the d4-furan water working solution (2.5 µg mL -1 ) was added to each calibration solution as internal standard.
Food samples preparation
Eight frozen precooked foods (ham croquettes, squid rings, tuna pasties, churros, nuggets, fish fingers, onion rings and san jacobos (ham and cheese in breadcrumbs))
were deep fried in olive oil using a domestic deep fryer Princess 180710 (DOSEFES S.A., Barcelona, Spain) at 190 ºC during 6 minutes. Temperature was checked with a digital thermometer type J/K Fluke 51 (Fluke, USA). In order to study the effect of the reuse of oil in the formation of furan, 20 times reheated olive oil was also employed. Oil polar compounds were measured with a quality-meter frying oil FOM-320 (Ebro Electronic, Ingolstadt, Germany).
Chopped vegetables (yellow onion, green pepper, cardoon, cabbage and chicory) (300 g) were fried with olive or sunflower oils (30 mL) at 115 ºC for 10 minutes in a frying pan. Then, temperature was decreased to 108 ºC for 5 minutes. Chopped vegetables were also submitted to heating at 150 ºC for 10 minutes and then at 110 ºC for 5 minutes in a griddle without oil addition.
Furan analysis
Furan content was analysed following the method described by Perez-Palacios, Petisca, homogenization in an ice bath to avoid furan losses. Immediately after, 2 g of each sample were transferred to a 20 mL vial containing 3 g of NaCl and 5 mL of deionized water. For the oil samples, 2 mL of oil were transferred to the vial containing 3 g of NaCl. A volume of 40 µL of working solution of d4-furan (2.5 µg mL 
167
-1 ) was added as internal standard to each vial which was immediately closed. Afterwards, the vial was sonicated for 15 min and stored at 4 °C until further analysis (< 24h). Each sample was prepared in triplicate.
A SPME fiber (Supelco Co., Canada) coated with carboxen/polydimethylxilosane (CAR/PDMS) 75 µm was used. The fiber was exposed to the headspace of the sample during 40 min at 37 °C. The SPME fiber was desorbed at 280 °C for 10 min in a HP6890 GC System gas chromatograph (Agilent Technologies, Palo Alto, CA) coupled to a mass selective detector (MS) (model 5973, Agilent Technologies). Volatiles were separated using a column HP PLOT/Q (30 m length x 0.32 mm internal diameter x 0.20 µm thickness). The carrier gas was helium at a flow of 1 mL min -1 . The temperature program was 40 °C for 5 min, then raised at 3 °C min -1 to 120 °C, and finally, raised at 10ºC min -1 up to 220ºC and held for 5 min. The GC-MS transfer line temperature was 270 °C. The MS operated in the electron impact mode with an electron impact energy of 70 eV and a multiplier voltage of 1247 V and collected data at a rate of 1 scan s -1 over a range of m/z 35-350. Ion source temperature was set at 230 °C. Furan and d4-furan were identified by comparing their retention time and their mass spectra with those of standard compounds and NIST 05L library. Selected ion monitoring (SIM) was used for the detection of furan and d4-furan, using m/z 68 and m/z 72, respectively. Furan was quantified using d4-furan as an internal standard by calibrate curve method. 
Where E is the amount of furan to which a person is exposed (ng/kg bw/day) due to the selected foods; F is the food intake per day (g/kg bw/day or mL/kg bw/day) according to the Spanish dietary consumption survey (AECOSAN, 2011); and C is furan content (µg kg -1 ) of each food from the present data or those reported by EFSA (2011).
Moreover, in order to provide different exposure scenarios and to consider highly exposed individuals the following calculations were carried out: (1) for food intake, the mean and 99 th percentile (P99), both according to the Spanish dietary consumption survey (AECOSAN, 2011) were considered for calculations; and (2) for furan content, the mean and 95 th percentile (P95) from our samples or those reported by EFSA (2011) were considered for calculations. In analysed food samples where the value is below the LOD or LOQ of the method and to get a range, values were set as "0" for the lower value and LOD or LOQ for the upper bound, respectively. food assuming that population is normally exposed to both kinds of frying processes. 
Statistical Analysis
Results are shown as means ± standard deviations. One-way analysis of variance (ANOVA) was applied for each parameter. A Tukey test was applied as a posteriori test with a level of significance of 95%. All statistical analyses were performed using the STATA v.12.0 software package.
Results and discussion

Furan in cooked foods
Frying process is a common culinary technique applied to foods as different as breadcoated frozen foods and vegetables to develop their typical sensorial properties or to be used as base ingredients in Spanish cuisine. In this work, the occurrence of furan was (Table 1) suggest that oil will negligibly contribute to furan content in fried foods.
Similarly, Fromberg et al. (2009) and EFSA (EFSA, 2010; EFSA, 2011) showed that vegetable fats hardly ever contribute to furan content, except in the case of olive oil (5.1 µg kg -1 ) used as frying agent of homemade meat and fish balls (Fromberg et al., 2009) .
The low furan content in olive oil used in the present study might be related with its freshness (3% polar compounds), which is unknown for olive oil previously reported.
After frying, furan levels increased in all samples. In the case of samples fried in fresh oil, furan levels were ranged between 16 µg kg -1 (fish fingers) and 115 µg kg -1 (onion rings). When reheated oil was used, furan levels tended to be higher in many cases, ranging from 12 µg kg -1 (tuna pasties) and 172 µg kg -1 (onion rings). However, no significant differences were found in ham croquettes, tuna pasties, nuggets and fish fingers that were fried using either fresh or reheated oil. Therefore, the use of reheated oil seemed to have lower influence in furan formation than frying process itself. The highest furan levels were observed in fried onion rings, followed by nuggets and churros, while the lowest levels were obtained in some foods containing fish (fish fingers and tuna pasties). Because in the present study the same time ( Table 1 also shows the amount of polar compounds before and after frying. Polar compounds significantly increased when the oil was used as frying agent, being higher than the legal limit (25%) (BOE, 1989) in the case of reheated oil after 20 cycles. This indicates thermal oxidation and polymerisation processes that could also promote the formation of furan, not only in the oil, but also in the fried foods, as it was noted above when reheated oil was used. 
Furan exposure in Spanish population
The estimation of furan potential intake by Spanish population due to some of the most commonly consumed fried foods was made based on the furan results obtained in the present work (mean and P95) and the mean and P99 consumption of the analysed foods reported by the Spanish Dietary Intake Survey (AECOSAN, 2011). When consumption data were not available in the dietary survey, such as in squid rings, onion rings and san jacobos, the mean consumption value for fried foods analysed in the present work was used for furan estimation. Table 3 and 4 shows the average consumption of the different foods analysed in the present study by the Spanish population (AECOSAN, 2011) and the furan exposure due to these foods. Olive oil is one of the main foods which might contribute to furan intake (up to 1463 ng/ kg bw/day for the worst scenario) due to its high consumption in Spain.
However, it has to be considered that most of the olive oil is consumed unheated, mainly in salads, which present very low furan content (2.5 µg kg Therefore, only in the case of the consumption of onion treated by griddling, which is less common than the other culinary techniques, it contributes to furan dietary exposure.
Among fried frozen precooked foods, the highest furan intake is due to onion rings (1.4-54 ng/kg bw/day) and churros (1.3-42 ng/kg bw/day). A total dietary exposure ranged from 4.7 to 178 ng/kg bw/day of furan was estimated for Spanish population due to the consumption of the fried frozen precooked foods analysed in the present study.
The total exposure of furan in Spanish population (Table 5) (mean) and 228 µg kg -1 (P95) (EFSA, 2011) has proposed as the major contributor to furan intake in European adult population (Fromberg, 2009; EFSA 2011; Sijia, Enting & Yuan, 2014) . As EFSA suggested, these values might be overestimated, due to the high consumption of coffee brew in Northern European countries (more than 10 ml/kg bw/day of coffee) that usually has been taken to estimate furan content (Fromberg et al., 2009 ). In Spain, coffee brew consumption is much lower (up to 5.4 ml/kg bw/day) (AECOSAN, 2011), however coffee is also shown as the main contributor to furan exposure, except for those coffee drinkers with the mean consumption of coffee brews with a mean furan content. After coffee, the highest furan exposure in the Spanish population is due to cereal products. This could be due to the fact that the category "cereal products" in Spanish survey covers a wide range of products, and consequently its consumption might be overestimated. EFSA report only collected furan data from 4 cereal products samples from Spain, but it is difficult to know what are the specific foods included. Taking into account that typical Spanish fried foods such as churros, croquettes and pasties are included in the category "cereal products" (AECOSAN, 2011) , and that as far as we know this is the first study who reports furan content in these products, EFSA data should be revised to include them. Regarding vegetables results, furan values reported by EFSA (2011) were higher than those resulting on the present study where furan was scarcely detected. Since canned and jarred products present high levels of furan (US FDA, 2004) it is probably that EFSA data mainly include this kind of vegetables. or higher would be considered as a low public health concern and reasonably as a low priority for risk management actions. WHO (2011) obtained MOEs of furan of 960 and considered that these MOEs indicate a human health concern for furan. In the case of the total furan exposure in Spanish population (Table 5) , MOEs were also below 10,000 in all scenarios. When MOEs were calculated for fried frozen precooked food samples for Spanish population (Table 4) , results showed that furan could suppose a possible public health risk only in the case of people with the highest consumption of these food products. 
